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Earlier studies  (1,  2)  on the tubercle bacillus-monocyte relationship were 
directed towards an understanding first of procedural problems, a  solution to 
which was essential if the "natural history" (in a  tissue culture type of envi- 
ronment) of the fate of parasitized monocytes was to be recorded. Preliminary 
trypsinization  of  rabbit  monocytes and  employment  of 40  per  cent  rabbit 
serum in Tyrode's solution created conditions in which uninfected suspensions 
of monocytes exhibited little change in cell numbers over a  72 hour period in 
the Mackaness type of culture chamber. It was then possible to demonstrate 
clearly that monocytes derived from BCG-vaccinated rabbits bathed in vari- 
ously derived antisera  constituted a  system highly immune to the normally 
destructive action of the virulent tubercle bacilli and further, that whereas the 
action of the antiserum was relatively non-specific, the resistance evidenced by 
the monocytes from vaccinated rabbits was of a greater degree of specificity. 
The present paper describes the cross-immunity conferred on monocytes by 
immunization of the host against infection either by Mycobacteriurn tuberculosis 
or Brucella melitensis.  Data  are presented which  describe the  ability of the 
monocytes from specifically immunized and normal animals to handle ingested 
virulent Brucetla, and finally, observations are described which show that ab- 
sorption of the agglutinating antibody does not diminish the enhancing action 
of the  anti-Brucella  rabbit  serum. 
Materials and Methods 
Monocytes.--An adult normal rabbit or one which had been vaccinated with the Brucdla 
vaccine (3) or with BCG was used as a source of normal or immune monocytes.  Each rabbit 
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was inoculated intraperitoneally with 50 ml. of oil (klearol). Five days later the peritoneal 
cavity was washed with 500 ml. of chilled Tyrode's solution. The wash fluid was collected 
by suction into a  separator)' funnel and the oil allowed to separate. The cell suspension in 
the lower part of the funnel was collected in a  centrifuge bottle and the cells spun out. The 
supematant fluid was removed and the sedimented cells resuspended in 10 ml. of a  freshly 
prepared 0.25 per cent trypsin solution in Tyrode's solution. The trypsin was allowed to act 
upon the cells for 26 to 30 minutes at room temperature. The tryp.~ni~l cells were then 
washed 3  times in large volumes of Tyrode's and finally suspended in 3  to 5  ml. fresh ho- 
mologous or heterologous serum. The ceil count was determined in a  hemocytometer. The 
cells were then parasitized. 
Ceil suspensions obtained 5  days after administration of oil generally contaiued 85 per 
cent or more large mononuclear cells although other cell types were also present. 
Bact~ria.--Brucdla mdit~nsis (strain 6015) and Mycoba~rium  tuherculosis (strain H37Rv) 
were used to infect the monocytes. For use in parasitization 48 hour cultures of Br. mdi~n- 
s/~, grown on Albimi agar, were used. The bacteria were removed from the agar with Ty- 
rode's and then washed twice with the same solution. A count was then made in a  Petroff- 
Hausser  chamber.  A  7-day-old  culture  of  H37Rv,  grown in tween~dbumin medium,  was 
used. The suspension was spun down and twice washed with fresh twcen-albumln medium; 
finally the bacilli were resuspended in a small volume and spun at a low speed to remove the 
clumps. The suspension was counted in a  Petroff-Hausser chamber. 
Parasitizogion of the Monocytes.--The  bacterial suspension was then mixed with normal 
or immune monocytes suspended in fresh normal or immune serum (a ratio of approximately 
10 bacilli per monocyte was used in most experiments); 0.5  ml. of the mixture was placed 
in paraffan-lined bottles, centrifuged, and refrigerated at 4°C. for 1 hour. At the end of this 
period the supernatant fluid was removed as completely as possible and the cells were resus- 
pended in a  small volume of the appropriate medium. The number of monocytes was deter- 
mined in a  hemocytometer, and  the suspension was diluted  to contain approximately  15 
monocytes per c.mm. Uninfected control suspensions of monocytes were treated in the same 
manner as the infected suspensions with the exception that a  volume equivalent to that of 
the bacterial suspension of Tyrode's or  tween-albumln medium was added instead of  the 
bacterial suspension. The percentage of infection was determined by counting 200 stained 
cells (the Ziehl-Neelsen method was used  for Mycobaclerium and  carboltoluidine blue for 
Brucdla). 
Nu~r/ent Med/a.mThe nutrient medium consisted of 40 per cent aged, Selas-filtered rab- 
bit serum (normal or immune) in Tyrode's solution. The pH of the medium was adjusted to 
7.3-7.4 with 5 per cent CO9. in air. 
Normal and Immune Sora.--Normal  serum consisted of pooled sera of normal adult rab- 
bits. 
Immune serum was obtained from rabbits |mm~  with BCG (2) or the Brucdla vac- 
cine (3). Before the anlm~ls were bled the BCG animals were tuberculin-tested to ascertain 
whether or not they were tuberculin-positive and the Brucdla-sensitized animals were tested 
for agglutinin titer. Only animals which were tuberculin-positive or had a  relatively high 
anti-Brucdla titer were used as a  source of serum. 
Normal and Immune Monocyte~.--The same animals which were used as sources of nor- 
mal and immune sera served as donors of normal and immune monocytes. 
Caltiva~ion of Monocyte,  s.mThe  culture chamber used in these experiments has been de- 
scribed in detail by Mackaness  (4). In brief, unplasticized perspex was cut in the shape d 
a  slide with a  central aperture and a  counterbore on each side of the aperture to accom- 
modate standard ~  inch coverslips. The space enclosed by a  coverslip on the bottom side 
of the aperture and another on the top side of the aperture represented the culture chamber 
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coversiip a  small perspex ring (6 mm. internal bore) was affixed  with paraffin to the cover- 
slip. Two small lateral drill holes in the slide provided a means for introducing materials into 
and  removing materials  from  the  culture  chamber  when  the coversllps were in  position. 
When not in use the lateral drill holes were closed  by two stainless steel pins set  in a per- 
spex plug. 
The procedure  for setting up  the monocyte culture was  somewhat  different  from that 
described by Mackaness  (4).  The bottom coverslip of the chamber was sealed into position 
and  approximately 0.05  ral.  of a  monocyte suspension  containing  15  cells per c.mm.  was 
introduced into the space enclosed by the small perspex ring. This yielded a  total of about 
500 to 1000 monocytes in the center well of the chamber. The top coversiip was inserted and 
the chamber left at room temperature for 10 to 15 minutes to allow settling and adherence 
of the cells to the bottom coversiip. Sufficient  nutrient  medium to fill approximately two- 
thirds  of the culture chamber was introduced v/a one of the lateral drill holes. The entire 
chamber was sealed by insertion of the stainless steel pins and incubated at 37°C. 
Examination o/Cu/tures.--The number of cells in the central well of the culture chamber 
was  determined  at  the start  of an  experiment and  at  certain intervals thereafter.  Counts 
were made with a phase contrast microscope and a 10 X  objective. Enumeration of cells was 
facilitated by a  special square constructed in the ocular of the microscope.  This square was 
subdivided into nine smaller squares  by cross-hairs. The large square was correlated with 
horizontal and  vertical line markings on a  specially constructed  mechanical stage whereby 
each marking on the stage corresponded to the area encompassed by the large square in the 
ocular. The entire area in which the monocytes were confined was covered in the following 
manner: the small perspex ring was brought  into  the  field  of vision of the objective, and 
the outer margins of the ring at its widest points in the horizontal and  vertical axes were 
located.  This served to delineate  the area  of examination as an  imaginary square within 
which was located the perspex ring.  By  starting  at  one  comer of  this  imaginary  square 
and moving the stage one marking at a  time in a horizontal direction, the monocytes along 
the entire width of the imaginary square were counted. The stage was then moved one mark- 
ing in a  vertical direction and  the horizontal movements repeated.  These successive move- 
ments were continued until the entire area of the imaginary square was included. 
Morphologically intact cells only were counted, and no attempt was made to distinguish 
different cell types. 
The reproducibility of cell counts by this method has been determined; counts made by 
different but experienced individuals did not vary more than 5 per cent, and replicate counts 
by the same worker seldom varied by more than 2 per cent. 
EXPEI~TM~,NTAL 
Resistance of Monocytes from Immunized Rabbits to Homologous and Heterol- 
ogous Infection.--Certain  earlier investigations  have supported  the view that 
in the field of bacterial infections it is experimentally possible to demonstrate 
antagonisms. 
PuMnger  (5)  and Nyka  (6)  demonstrated  in the guinea pig, for example, a  non- 
specific immune response caused by tubercle bacilli which interfered with the course 
of a  Brucella specific infection. Mika,  Goodlow, Victor, and Braun  (7)  showed that 
in the guinea pig an infection by Brucella species effected a  non-specific resistance in 
the host to a  super-infection with Coxiella burnetii. A  quantitative study by Hender- 
son,  Lancaster,  Packman,  and  Peacock  (8)  utilizing Brucella suis  as  the  primary 
invader, M. tuberculosis as the secondary invader, and the respiratory route of infec- 548  CROSS-rMMUN'ITY OF MONOC~FI'ES 
tion, demonstrated that when the primary infection induced a generalized lymphatic 
response there was also produced a non-specific resistance against secondary infections 
with organisms whose normal route of invasion is through the lymphatic system. No 
protection was observed against secondary invaders if they were presented to the host 
v/a a  route which primarily  by-passed  the lymphatic tissue. 
From the earlier results  (2) and the fact that the various authors just cited 
were studying mixed infections employing primarily intracellular parasites  as 
objects of study, an experiment was designed to test the hypothesis that the 
resistance conferred by M. tuberculosis  vaccination expressed by the monocyte 
reaction  would  extend  to  other  organisms  which  are  basically  intracellular 
during their period of parasitization. 
A  representative  experiment of this type is shown in Table I. 
Monocytes were obtained  from rabbits rendered tuberculin-positive  by BCG immuniza- 
tion (2) or sensitized to Br. mditensis infection by injection of a mditensis vaccine, the ef- 
fectiveness of which has been described (3). Mixtures  of monocytes and either  virulent M. 
tuberculosis or Br. mditensis were prepared  so that 22 per cent of the cells in the chamber 
were infected. 
The data in Table I  show that there is a parallel protection conferred on the 
monocyte by BCG and Brucella injection against both homologous and heterol- 
ogous parasitization. The data also suggest that the immunity conferred by the 
Brucella  vaccine  was  slightly  more  effective  against  both  homologous  and 
heterologous challenges than that  conferred by BCG under the terms  of the 
experiment.  However,  the  effects  of both  vaccines  on the  resistance  of  the 
monocyte to destruction  by either  organism is dearly indicated  by the data 
in Table I. 
Ability of Absorbed Ang-Brucella Serum to Enhance Resistance of Monocytes 
from  Vaccinated Rabbits.--The  data  recorded in  Table  I  suggested  that  the 
specific antibody per se was not of primary importance despite the evidence that 
serum from sensitized animals is essential. The data recorded in Table II, and 
representative of other similarly designed experiments, support this suggestion. 
The antibodies in a portion of serum of a rabbit which had been injected with 109 viable 
cells of the Brucella vaccine strain 30 days earlier were absorbed with 3 successive portions 
of a thick suspension of formalin-killed cells of the homologous strain for 1 hour at 37°C. No 
agglutination  was observed when, to dilutions of the absorbed serum, an equal  volume of 
the standard agglutinating  Brucella antigen  suspension was added.  Tests on the absorbed 
serum for the presence of blocking-type antibodies were carried out using a 20 per cent solu- 
tion of plasma albumin in saline as diluent. No non-agglutinating antibody could be detected. 
The addition  of an appropriate  dilution of a high titer agglutinating  serum to the mixture 
of Brucdla cells and absorbed serum also failed to indicate  the presence of agglutinating- 
inhibiting antibodies and it was therefore concluded that the serum had been deprived of its 
complement of antibodies for Brucella cells. 
Monocytes were suspended in fresh normal rabbit serum and allowed to ingest virulent 
Br. raditensis cells, using a 30: I ratio of bacteria to monocytes in the parasitization  mixture. 
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was removed and the cells were resuspended in fresh normal serum and counted. The mono- 
cyte suspension  was adjusted  to contain  20  cells per c.mm.  To each Mackaness  chamber 
0.05  ml. was added.  Stained monocyte samples revealed that 54 per cent of the monocytes 
had been parasitized. 
TABLE I 
Demonstration of Cross-Immunity  between Tuberculosis and Brucdlosis  at the Cdlular  Levd 
Source of cells 
TB. immune* 
,,  ,c 
Br. immune§ 
4~  tdt 
tc  ~C 
~t  ~t 
U  ,1 
TB. immune 
Br. immune 
Average  degeneration 
Source of serum 
Normal:~ 
TB. immune 
Br.  " 
Normal 
TB. immune 
Br. 
Normal 
TB. immune 
Br.  " 
Normal 
TB. immune 
Br. 
Normal 
TB. immune 
Br.  " 
Normal 
TB. immune 
Br.  " 
Cells exposed to 
H37Rv 
Br. reel. 6015 
11  ,1  11 
H37Rv 
It 
c~ 
Br. reel. 6015 
Dubos medium 
Dubos medium 
24 hrs. after 
incubatiou 
per cent 
57 
5 
! 
30 
1 
2 
50 
1 
2 
34 
2 
4 
m 
0 
0 
j  48 hrs.  after 
incubation 
!  per cent 
65 
10 
i  25 
35 
15 
16 
75 
2 
27 
i  45 
'  2 
4 
5 
7 
0 
2 
* "TB. immune" indicates that the serum or cells were obtained from rabbits immunized 
with BCG (tuberculin-positive). 
"Normal" indicates that  the serum or cells were obtained from normal rabbits which 
were tuberculin  negative and  had  no titer to the standard  Brucdla-agglutinating  antigen 
kindly supplied  by Dr. C. Mingle, Agriculture Research Service, United States Department 
of Agriculture. 
§ "Br. immune" indicates that the serum or ceils were obtained from rabbits immunized 
with a non-dependent mutant from a streptomycin-dependent mutant strain of Br. mditensls 
(Rev Is)  (titer 1:1600.) 
Table  II  clearly  shows  that  the  removal  of  antibodies  from  anti-Brucdla 
rabbit serum demonstrable by the agglutination test did not interfere with the 
ability of such a  serum to enhance the acquired immunity of monocytes. Heat- 
ing a  sample of fresh unabsorbed  serum to 56°C. for 1 hour also had no effect 
on  the  protective ability of the  serum. 
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Varying Degrees  of Virulence.--It has been reported (2) that ceils of H37Ra, 
BCG,  and H37Rv  strains of M. tuberculosis showed an increasing ability, in 
the order listed here,  to destroy monocytes from  tuberculin-negative rabbits 
(2). The data in Table III show that the vaccine strain of Br. melitensis does 
not differ from the virulent strain 6015 of Br. melitensis in its activity on normal 
monoeytes in  the presence  of normal  rabbit  serum.  This  observation differs 
considerably from that of the response elicited by the avirulent, non-immuno- 
genie, streptomycin-dependent strain of Br. melitensis. One may well speculate 
TABLE II 
Ability of Absorbed Anti-Brucdla Serum to Enhance Protection of Immune Monocytes Against 
Br. mditensis Parasitization 
T~tsy~ems 
1 
2 
3 
4 
Control systems 
1 
2 
3 
4 
Cells 
Immune 
~c 
~c 
C¢ 
Normal 
Immune 
Absorbed 
Immune (heated) 
Normal 
Immune 
Absorbed 
Immune (heated) 
Serum  Br. meliSensis  in system 
+ 
+ 
+ 
+ 
Degeneration 
24 hrs. after148 hrs. after 
incubatio_.______._.~nn  I incubatio________n 
~er cent  I  l~cr ¢¢s# 
I 
35  I  54 
1  2 
3  4 
1  1 
0  0 
0  1 
0  0 
0  0 
that  a  BCG strain of greater effectiveness for monocytes would also possess 
greater immunizing activity. Experiments designed to identify the monocyte- 
destroying factor in both genera studied here will be the subject of a later report. 
Fate of Br. mditen~ in Monocytes  from Normal and Vaccinated Rabbits.--A  saline sus- 
pension  of cells from a 48 hour Albimi agar culture of Br. mditensis, virulent strain 6015, 
was added to monocytes suspended  in fresh sets in the ratio of 30:1  (hacteria:monocytes). 
This mixture was spun down in the refrigerated centrifuge  (5"C.)  and allowed to stand  1 
hour in the refrigerator. The bulk of the extraceUular organisms was then removed by wash- 
ing once in Tyrode's solution. The suspension was adjusted by dilution with the appropriate 
serum-Tyrode solution to contain 15  monocytes  per c.mm.  To each Mackaness chamber 
0.05 ml. of the suspension was added and 2 ml. were added to each Carrel flask. Counts of 
the monocytes in each of two Mackaness chambers were made at 0, 24, 48, and 72 hours. 
At the same intervals, two Carrel flasks from each  experimental group were treated with 
2 ml. of 2 per cent saponin to lyse the monocytes and viable plate counts of the lysates were 
made on Albimi agar. (Experiments had proven the harmlessness  of this treatment to the 
brucellae.) 
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normal series, 52 per cent in the immune series) in order to test fully the destructive ability 
of the strain of Br. melitc,  nsls. Actually, the experimental design on this point allows several 
points to be tested seriatim. With a low parasitization per cent, one favors survival of mono- 
cyte culture and may uncover a stronger retardation of bacillary growth.  With higher per 
cents of infected monocytes in the cultures, one insures greater destruction of the monocytes 
and correlatively, a  faster exhaustion of the ability to retard bacillary multiplication. The 
objective of several trials was  to reach a  ratio of monocytes:bacilli which would show up 
real differences  between  monocytes from immune and  normal animals.  Each  experiment 
represents the viable cell counts on more than 1000 Petri plates, the minimum required to 
TABLE III 
Survival of Cells after Infection with Various Strains of Br. mditensis 
Treatment of cells* 
Uninfected controls 
Infected with virulent strain 6015 
Infected with vaccine strain Rev Is 
Infected  with  avirulent,  strepto- 
mycin-dependent strain 
Infected monocytes~ 
per c,¢ni~ 
0 
1S 
16 
18 
Average degeneration§ 
24 hrs. after 
incubation 
per c~t 
0 
24 
22 
12 
48 hrs. after 
incubation 
.per cent 
0 
29 
28 
12 
* Monocytes were derived from normal rabbits (serologicaily negative) and cultivated 
in presence of normal rabbit serum. 
~: Obtained by examining 200 stained cells. 
§ Represents the average per cent degeneration (from  the initial count of 500 to 1000 
monocytes per culture chamber) of 2 to 3 cultures. 
bracket adequately the 300 to 400 colonies needed for an adequate assay of the number of 
cells in 0.1 ml. of a given series of dilutions of the number of cultures under test on each of 
the several days studied in the experiment. 
The  data in Table IV are presented in terms of fold increase  (over the 0 
hour) of the bacillary population released from the monocytes by saponin lysis. 
The most notable event in this experiment was the slowing down,  over a  48 
hour period, of bacterial growth  in the immune system as contrasted to the 
normal system. After 48 hours the model immune system has "lost" its deleteri- 
ous  effect on  bacterial growth,  and  multiplication in  the exhausted  immune 
system appears to exceed in rate that of the normal system. 
The bacterial multiplication which occurred in preparations devoid of host 
cells was very great and  yet did not  overwhelm the  technique  employed to 
study intracytoplasmic multiplication, since presumably in such an event the 
counts  obtained  from  the  chambers  containing monocytes would have  been 
less significantly different from the control chambers free of monocytes. 
A  recent  study using  the  Br.  abortu~-guinea  pig monocyte  system  (9)  in 
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are able to handle the intracellular growth of the organisms. The absence of 
monocyte degeneration reported (9) in the presence of a  ratio of bacteria to 
monocytes of 50:1 is in marked contrast to the extent of degeneration regularly 
observed in  the  experiments herein  reported with  the  Br.  melitensis-rabbit 
monocyte system, in which the per cent degeneration, when such bacteria: cell 
ratios are used, is usually observed to be about 50 per cent. 
TABLE  IV 
Multiplication  of Br. melitensis in Monocytes Derived  from Vaccinated* and 
Unvacdnated Rabbits 
Chamber content 
Normal  serum  -{- normal  cells 
tyrode 
[mmune serum ~  immune cells  % 
tyrode 
Normal serum ~  normal ccUs -{-  Br. 
mditensis 
Immune serum +  immune cells -{- 
Br. mditensis 
Normal serum d- Br. mditensis 
[mmune serum -t- Br. mditensis 
Infected 
monocytes 
per cent 
Average degen- 
eration of mono- 
cytes 
Bacterial fold increase in 
monocytes 
50 
52 
72 hrs. after 
incubation 
~er ccn~g 
2 
0 
55 
24 hrs.  [  ?2 hrs, 
after [48  hrs.  aftez after 
incuba- incubation  incuba. 
tion  tion 
20  68  320 
9  19  230 
10  > 1000 
10  >1000 
* Vaccinated with Rev Is. 
DISCUSSION 
The area in which specificity operates in such infections as brucellosis and 
tuberculosis has been very difficult to define because the criteria by which a 
given animal  or  cell is  appraised  as  responsive or unresponsive to virulent 
bacilli varies from one investigator to the next. The experiments recorded here 
provide some basis for the generally non-specific terms which are used to sketch 
the  ~mmunity mechanisms  in  tuberculosis,  and  less  expertly, in brucellosis. 
No attempt could be justified at this time to judge the importance of the ability 
of a monocyte in combination with a  serum factor to resist destruction by a 
virulent cell despite the attractiveness of using the model system studied here 
in explaining the observations made by others that "antagonisms" or "inter- 
ferences" among  bacterial  species  do  occur under  certain conditions in the 
animal.  It has been possible to demonstrate from observations in an earlier 
report (2) that a prediction was fulfilled that the specificity of the monocytic 
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terial species which are typically intracellular in their parasitism, but would not 
extend to primary extracellular parasites. The failure on the one hand of the 
Salmonella  system to work effectively against  the Mycobazteria  (2),  and the 
success of the Brucella  system on the other, provide  additional evidence at a 
"tissue culture level" for the reality and effectiveness of the non-specific im- 
munity systems described in the studies by Duhos (10) and Landy (11). 
The speed with which the non-specific activity appears in the monocytes, 
3 to 4 days, is of the same order of magnitude as experienced in the models 
studied by others and is well enough matured at this time to justify its seeming 
independence of circulating antibody. Whether this independence is real or 
assumed will depend upon the isolation and identification of the substance in 
serum of sensitized animals essential for the monocyte of immunized animals 
to reveal its full powers of resistance. 
A non-specific element has been demonstrated in the resistance of monocytes 
derived from immunized rabbits. Vaccination by BCG or by an effective anti- 
brucellosis reagent induces protection in either case against both Mycobacterium 
tuberculosis  and  Brucdla  mditensis  when  studied  by  the  monocyte culture 
method. 
The activity of the antiserum required to demonstrate the resistance of the 
monocyte is not affected when the agglutinating action of the anti-Brucella 
rabbit  serum is removed by absorption. 
The ability of the monocytes from specifically immunized rabbits to retard 
the growth of virulent Br~eUa was demonstrated, not as an all-or-none phe- 
nomenon, but in the light of the unrestricted bacterial multiplication which 
occurs in monocytes from normal animals. 
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